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In the following annotated bibliography on diaminoethanedionedioxime, the references are listed in
chronological order, and are numbered consecutively.
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ANNOTATED BIBLIOGRAPHY OF DIAMINOETHANEDIONEDIOXIME 
Charles v. Banks and Richard Fullerton 
Introduction 
In the following annotated bibliography on diamd.noethane-_· 
dionedioxime, the references are listed in chronological order, 
and are numbered consecutively .. 
Many names have been given to the r~agent; throughout the 
bibliography each worker's name for the compound has been 
retained, even in cases where more than one name has been used 
in the same paper. 
It is hoped that this bibliography will be of some use to 
those . interested in the preparation and analytical applications 
of diaminoethanedionedioxime. 
3 
1. Fischer, E., "The Reaction Between Cyanogen and Hydroxylamine 1 " 
Ber., 22, 1931 (1889) Ll• Chern. Soc., 56, 1163 (1889)J, 
v 
Cyanogen is passed in a rapid stream into an ice-
cold, aqueous solution of hydroxylammonium chloride which 
has been neutralized with potassium hydroxide, and 
which is stirred continuously. A precipitate forms 
immediately and, as the flow of cyanogen is stopped, 
and the solution is concentrated by evaporation, 
colorless crystals separate which are filtered 
and can be purified by recrystallization from hot 
water. In order to complete the reaction, the filtrate 
is again treated with cyanogen and filtered; this 
procedure is repeated until, in place of the colorless 
crystals first obtained, an amorphous mass results. 
The ·new compound, of the formula 
H N-C-C-NH 
2 II II 2 
N N 
I I 
0 0 
I I 
H H 
is called (by Fischer) noxalamidoxime .. " 
4 
Oxalamidoxime (I) is amphoteric - it dissolves 
in cold base or dilute acid 1 but dissolves in concen-
trated hydrochloric acid only when hot. (I) gives 
an amorphous red-brown precipitate with Fehling's 
solution, acd is completely destroyed by heating · 
for one hour with 20% hydrochloric acid solution. 
(I) is soluble in large quantities of acetic anhydride. 
When cooled, the acetyl derivative separates as 
colorless crystals. If refluxed with more acetic 
anhydride 1 the acetyl derivative loses two molecules 
of water and changes to a compound c6H6N4o2 ~ which 
belongs to the "azoxime 11 class discovered by Tiemann. 
When (I) in cold, aqueous solution is treated 
with excess cyanogen, a colorless, amorphous precipi-
tate results which is insoluble in water, alcohol, and 
ether. This is not a homogeneous compound, and cannot 
be purified by recrystallization. 
2. Tiemann, F., 11The Amidoxime of Oxalic Acid (Oxalenediamidoxime)," 
Ber., 22, 1936 (1889) [!_G Chern., Soc., 56, 1142 (1889)J. 
The compound, oxalenediamidoxime, was first made by 
the reaction between the cyanide of an aromatic base such 
as aniline or toluidine and hydroxylammonium chloride. 
The resulting compound was named by Tiemann according 
to the terminol05J then in use for other amidoximes; 
the syllable "ene 11 is placed after the stem of the name 
of the acid, and udiamidoxime" used to complete the 
nameo Thus, in the case of the diamidoxime of oxalic 
acid, the name "o::cal enediamidoxime 11 applies. 
Oxaleneanilidoxj_meamidoxime can be produced by 
a modification of the same reaction. A solution of 
cyanoaniline and hydl'"'oxylammonium chloride is warmed, 
a solution of sodium carbonate is added, and the 
mixture is further warmed. Ammonia is given off, and 
when the liquid is concentrated by evaporation and 
cooled, white crystalline plates form, which melt at 
148°C, and have the formula 
H-C6H5N"c--~N-OH 
HO-N~ "NH2 • 
In the molecule of cyanoaniline three isomers are 
possible, of which the isomer having the structure 
can most easily give rise to oxalenediamidoxime, i.e., 
by exchange of both phenylimide groups for two oxime 
groups. 
5 
3. Zinkeisen, W., noxalenediamidoxime and Oxaleneanilidoximeami-
doxime," Ber., 22., 2946 (1889) [1_. Chern. soc., 58, 122 
(1890)_7. - - -
4. 
In order to get a better yield of oxalenediamidoxime 
than that obtained by Tiemann's method t he following 
method was used. 
To a solution of hydroxylammonium chl oride in 
boiling 90% ethanolj) solid cyanoaniline is gradually 
added, with constant stirring~ Sodium car bonate 
solution is added to neutralize the hydrochloric acid 
present, and the solution is fil~ered o The solution 
is concentrated by evaporation, cooled, and efficiently 
s tirred to bring about crystallization of the yellow 
flakes of the oxalenediamidoxime. Cry s t allization is 
complete only after several hours. The compound, when 
dissolved in hot waterj) decolorized with animal 
charcoal, and recrystallizedj) consists of white spears, 
moP• 196°C (uncorrected). Any oxalenediamidoxime 
obtained by further evaporation of the mot her liquor is 
usually contaminated with oxaleneanilidoximeamidoxime. 
Oxalenediamidoxime (I ) in aqueous solution gives a 
grass-g~een flocculant precipitate with cupric sulfate, 
and a eep brown-red color with ferric chloride. The 
hydrochloride salt obtained on evaporating a solution 
of (I) with concentrated hydrochloric acid cr ystallizes 
in fine, white prisms which are insoluble in a l cohol and 
ether. ~~alenediamidoxime hydrochloride /Contains two 
molecules of hydrochloric acid per molecu!e of (I)J 
easily loses part of its hydrogen chloride , for which 
reason a rather low result for hydrogen chloride is 
usually obtained on analysis. 
Tschugaeff, L., and Surenjanzj) J., "Complex Derivatives of 
Oxalenediaminoxime," Ber., 40, 181-185 (1907) 8 - -LQ• A., !1 991 (1907)_7o 
In aqueous solution, oxalenediaminoxi me, OxH2 (I), 
readily combines with nickel salts in the presence of 
ammonia, pyridine, or ammonium acetate, yielding orange -
6 
red needles, or cr~· stals of the compound 
LffoN--C(NH2 )c(mi2 J==No_72Ni•2H2o, which -become 
anhydrous at ll0°C and explode at 270°C. Very dilute 
mineral acids and acetic acid dissolve it with a bluish 
color; dne to the formation of the compound described · 
below. Excess mineral acids cause total decomposition, 
as do hydrogen sulfide and ammonium sulfide. Concen-
trated alkalies dissolve it with a reddish-brown 
color. Potassium cyanide causes precipitation of the • 
reagent. 
(I) can coQbine with nickel chloride in the ratio 
of three or four to one, producing a blue or blue-
violet solution, from which bluish-violet needles of 
the compound Ni(~£H2 ) 3cl2 separate. These crystals 
explode about 230°C$ The compound dissolves in water 
with a blue color, but the solution soon deposits 
crystals of (I)o Excess mineral acids and potassium 
cyanide have a similar effect on this compound as 
they do on (I); however, hydrogen sulfide is without 
apparent action. ~he corresponding nitrate, which 
can be precipitated with nitron, is prepared in a 
similar manne~, and separates as aggregates of bluish-
violet, opaque prisms. 
5. Houben, Jo, and Kauffmann, Ho, "Chloroglyoximes, Oxime 
Derivatives of O::calyl ChlOl"ide and Oxalyl Hemichloride 
and C¥anoformyl Chlor~de Oxime..;" Ber., 46, 2821-2835 
(1913) /2.o Ao, §., 1J.2 (1914)_; e - -
anti--Dichloroglyoxime reacts with acetic anhydride 
to give the diacetate, m.p. 162-3°C, which, when 
reacted with anhydrous ammonia in ethyl acetate, gives 
an oxalenediaminoc1io:t~ime which has the same melting 
point and other properties as the compound described 
by Tiemann, Fischer, and Zinkeiseno However, the 
compound produced in this manner behaves differently 
towar•d acetic anhydride and benzoyl chloride from 
that obtained by Zinkeisen /Ber., 22, 2946 (1889) 7. 
With warm acetic anhydride,~iacetate is produced 
which melts at 206°C when crystallized from water, and 
melts at 2l2°C when crystallized from chloroform 
(Zinkeisen reported 184°C in this case). The 
diazoxime-eth~nyl obtained by Zinkeisen could not be 
prepared, and benzoyl chloride gave neither a dibenzoate 
nor a diazoximidibenzenyl. 
7 
1925 
6. Feigl, F., and Christiani-Kronwald, A., "The Use of 
Dicarbamidoglyoxime for the De~ection and Determination 
of Nickel," z.. ~~ .Qh.§m., Qs., 341 ... 345 (1925) LQ. A., 1.2_, 1833 (1925J7. 
Oxalenediarnidoxime, OxH , can function both as a 
dioxime and as an ammonia de~ivative, as prov~n by the 
isolation of LJJ'i(OxH2)3-7Cl2 (water-soluble) and 
Ni(OxH) 2 •2H2o (water-insoluole). An analyti~al appli-
cation of oxalenediamidoxime for the determination of 
nickel is not possible ~ecause not only can both 
compounds occur simultaneously, but cobalt salts or their 
hydrolysis products also react in aqueous solution, 
partially precipitating the compound LC"o(OxH2 )~cl3 . 
The remainder of the report deals with oxalene-
diuramidoxime, its preparation, properties, reactions, 
and advantages over oxalenediamidoxime. 
Ponzio, G., "The Dioximes," Gazz. chiin" ital _., 55, 311-323 
(1925) ~· AoJ 20, 747T""""{T920"[7- --
When diaminoglyoxime is treated with methyl 
sulfate and 20% sodium hydroxide in ethanol, a dimethyl 
ether is produced having the formula . 
H2N-~-~-NH2 
~ ~ 
0 0 
H3t CH3 
and which melts at 144°C. This ether when heated with 
acetic anhydride and sodium acetate yields the substi-
tuted ami~o compound whose formula is 
( C2H5 ) 2N-~- ~-N( C 2 H5 )2 
N N 
I I 
0 0 
H3P bH3 
and which melts at 205°C. 
8. Dubsky, J. V., and Okac, A., "The Effect of Neighboring Amino 
Groups on the Formation of Salts of the~ -Dioximes 
(oxaldiamide dioxime)," Collection Czechos ov. Chern. 
Communs-1 4, 388-399 (1932) Z£. A., 27, 93 1933]7. 
8 
Because of the basic properties of the neighboring 
amino groups in oxaldiamide dioxime, OxH2 (I), the 
basic character normally assumed by one of the oxime 
groups of an CX -dioxime in complex formation can be 
completely suppressed in the case of this compound. 
For this reason a whole new series of salts is possible 
with oxaldiamide dioxime that is not possible with 
other ex -dioximes. 
The salt Ni(OxH) 2 •2H2o (II) is a normal oxime 
salt; the salt LNi(OxH2 )3 _7x2 (III) is based on the 
amino character of the reagent. An equilibrium exists 
between the two salts which is chiefly affected by 
the amount of water present and the hydrogen ion 
concentration: 
LNi(OxH2 ) 3_7cl2 + 2H2o ~~~; Ni(OxH) 2 •2H2o + 2HC1 + OxH2 • 
(II), on reaction with concentrated hydrochloric acid, 
yields the tetrammine salt, LNi(OxH2 )2_7cl2 , according 
to the following equilibrium: 
LNi(OxH2 ) 2_7cl2 + 2H2o ~~~J Ni(OxH) 2 •2H2o + 2HC1. 
In a similar manner L,'Ni(OxH2 )2_7so4•4H2o can be 
obtained, using dilute sulfuric acid. 
Copper also forms a variety of salts. Besides 
the compound Cu(OxH)2·2H2o, which results from the 
reaction between (I) and cupric chloride, the more 
stable LCu(OxH2 )2Jcl2 can be prepared if an excess 
of cupric chloride is used. In contrast to the 
analogous salt of dimethylglyoxime, which cannot be 
prepared, the salt LCu(OxH2 )2_7cl2 can easily be 
prepared in aqueous solution. This salt is not a 
labile salt of the formula 
( H2N-C=L 
( 2N-L~-
but is a true tetrammine derivative of the formula 
The diammine salt, fCu(OxH2 )_7c12, can also be easily 
prepared. /Cu(OxH2 )2J(No3 )2 is prepared like the 
chloride compound. The exact composition of the basic 
salt, 3CuOx~Cu(OH) 2 ·6H2 o, which is formed when (I) 
9 
and cupric chloride are reacted in an ammonium 
hydroxide solution, is not known. All attempts to form 
the normal salt by this method have failed. 
9. Dubsky, J. v., Kuras, M., Trtilek, J., "Study of the Formation 
or the Salts of the Amidoximes and of Benzhydroxamic 
Acid," Collection Czechoslov. Chern. Communs., 1, 1-9 
(1935J L£. !2_., 29, 474g5 (1935)_7. 
When oxalene-diamido-dioxime is dissolved in hot 
water, and a solution of nickel(II) chloride added, 
a blue solution results from which a yellow-orange 
precipitate separates on the addition of sodium 
acetate. The product can be washed with hot water and 
dried in air, and has the formula 
From weakly ammoniacal solutions precipitation is 
quantitative. More strongly ammoniacal solutions 
deposit a small quantity of clear red crystals (orange 
when finely divided); the same thing occurs with 
ammoniacal solutions to which hydrogen peroxide has 
been added. The salt is easily soluble in acids; acetic 
acid dissolves it with an intense blue color. 
10 
The formation~ in alkaline media and in the . 
presence of oxidizing agents, of derivatives of 
tetravalent nickel having the formula O==Ni(DH)2 •2H2o, 
where DH2 is a dioxime molecule, from the red inner 
complex salts of nickel~ cannot be carried out with 
oxalenediamidoxime, nor with monomethyl glyoxime. 
10. Chatterjee., R.J) "Oxalenediamidoxime.. The Estimation of 
Nickel." J. Indian Chern. Soc.~ 15, 608-610 (1938) 
LQ. A., 33,1) 28419 (1939)J, [_Or-:c. A., 35, 78666 (l94lJ7. 
The compound oxalenediamidoxime is easily 
prepared by passing a rapid stream of cyanogen into 
a cold, aqueous solution of hydroxylammonium chloride 
and potassium hydroxideo The resulting compound is a 
better reagent for nickel than dimethylglyoxime because 
it is more soluble in hot water than that compound. 
The light orange nickel precipitate is obtained from 
faintly ammoniacal solutions containing ammonium 
chloride. The salt can be dried at ll0°-l20°C for 
weighing. Excellent results were obtained ~ith solutions 
containing Oo006 to 0.,024 gmo of nickelo Goo.d 
separations are possible from zinc, and also from 
cobalt if not more than Oo05 gm., of cobalt is 
present and about one gram of hydroxylammonium 
chloride is added per 100 milliliters of solution. 
The slow, incomplete precipitation of cobalt is 
doubtless connected with the ammine characteristics 
of the reagent., The dark brown~ powdery compound 
appears to this author to be more complex than a 
simple cobalt analogue of the nickel compound. 
11. Chatterjee,~~ R., "Oxalenediamidoxime~ 11 J., Indian Chern. Soc., 
18, 19-24 (1941) LQ ... A.,, 35, 7866° (194l)J-,-
/Cr. C., ~., 33, 28419 (1939)Jo 
Work reported previously on the salts of oxalene-
diamidoxime J) OxH2J) was continued, and extended to 
include salts of cobalt, copper, and mercur1, as well 
as investigations into the structure of the Ni(OxH) 2 
salt. 
Using a magnetic balance of the Gouy type, the 
authors found the ~alt Ni(OxH)2 to be diamagnetic. 
This indicates dsp bonding, and hence a planar 
structure. 
11 
Due to the ready coordination through the amino 
groups of the reagent, salts of the types NiC12 •20xH2, 
CuC12 •0xH2, and CoC12 •20xH2 •6H2o can be formed. 
Chelation by the replacement of the hydrogen atom 
in the oxime group and coordination through the amino 
group probably occurs in complexes of the type 
LCo(OxH2 )2B2_7cl2 , where B is an ammonia, pyridine, or 
quinoline molecule, since these compounds are similar 
to the cobaltammines in their physical properties. 
The preparation and properties of the complexes · 
of nickel 3 copper, cobalt, and mercury are described. 
1944 
12. Kuras, M., "Microgravimetric Determinat.ion of Nickel with 
Oxalenediamidoxime, 11 Mikrochemie ver. Mikrochim. Acta, 
32, 192-194 (1944) /C. A., 41, 440lh (1947)_7. 
The quantitative separation of nickel ~s . accomplished 
by means of the reaction between nickel ions and 
oxalenediamidoxime, whereby an orange-yellow micro-
crystalline precipitate of the inner complex salt of 
the composition 
2 I_ >Ni•2H20 ( H N- C==NOH)·· 
H2N-C-NO 2 
arises. The precipitation of nickel is quantitative 
in weakly ammoniacal solutions, and is suitable for the 
macro- as well as the micro-determination of nickel. 
Oxalenediamidoxime is most conveniently prepared 
by the method of E. Fischer, i;e., the action of 
cyanogen on hydroxylammonium chloride. 
The sensitivity of the reaction is approximately 
that of Tschugaeff's method using dimethylglyoxime. 
Bowever, dimethylglyoxime is better as a qualitative 
reagent, since the pink color of the nickel dimethyl-
glyoxime complex is more detectable in very .dilute 
solutions than the orange-yellow color of the nickel 
oxalenediamidoxime complex. 
12 
The method using oxalenediamidoxime is more 
valuable than that using dimethylglyoxime for several 
reasonse The reagent is cheaper and more easily 
produced in the laboratory than is dimethylglyoxime. 
Since oxalenediamidoxime is quite soluble in water, it 
is not necessary to use the more expensive alcoholic 
solutions of the ·reagent that are necessary with 
dimethylglyoximeo Excess dimethylglyoxime can 
precipitate with the nickel dimethylglyoxime; oxalene-
diamidoxime does not do so. The oxalenediamidoxime 
complex does not adhere to and creep on the walls of 
the container,!) nor does it plug up the filtering 
crucible; all of these tendencies are shown by the 
dimethylglyox!me complex. For all of the above reasons, 
the oxalenediamidoxime method is much faster and simpler 
than the dimethylglyoxime method. 
For oxalenediamidoxime as an analytical reagent 
for 'nickelJ) the author proposes the name "Niccolox." 
13. Kuras, M.,, 11Niccolox, a New Reagent for Nickel," Collection 
Czechoslo~. Chern~ Communs., 12, 198-203 (1947) 
LQ. Ao, 41 ,, r{299d {1947)J. 
This paper outlines a method for the determination 
of nickel with niccolox and reviews the advantages of 
ni:ccolox ove1 ... dimethylglyoxime already reported in a 
previous paper f[uras, M., Mikrochemie ver. Mikrochim. 
Acta, 32, 192-194 (1944)_7. 
Groups IA and IIA do not interfere, but, since 
ammonia is rarely free of carbonate.)) insoluble 
precipitates may form if elements of Group IIA 
are present.. Metals which precipitate with ammonia 
also interfere.. Ammonium salts do not interfere; on 
the contrary, their presence makes possible the 
separation of nickel from zinc. Where iron or 
cobalt are present, the method is not applicable. 
When either of these two metals is present alone, 
only an intense red color appears (a characteristic 
reaction of amidoximes); when both iron and cobalt 
are present some double salts probably precipitate, 
yielding high results for nickel. 
Nickel may be determined in the presence of 
manganese, chromium, and aluminum by sequestering these 
metals with citrate, and in the presence of zinc by the 
addition of ammonium chloride. 
13 
The author does not · believe Feigl and Christiani-
Kronwald ~· anal. Chern., 65, 341-345 (1925)_7 are 
correct when they state that Ni(OxH2 )3cl2 can. also 
form under the conditions of tne determination, and 
thus render the method useless. Ni(OxH2 )3C12 was 
obtained by Tschugaeff and Surenjanz ~., 40, 181-185 
(1907)_7 only from a soiution made acidic with ·acetic 
acid, while the ammoniacal solution leads to the 
orange-yellow salt. Dubsky and Ok~c /qollection 
Czechoslov. Chern. Communs., 4, . 388-399 (1932)_7 concur. 
The author has never observed the formation of .the 
blue salt in alkaline media when carrying out the 
determination of nickel by use of the orange salt in 
his laboratory. 
1951 
14. Pal laud, R., 11Dioximes and Monoximes of the 'C':X -Diketones as 
Analytica l Reagents," Chim. anal., 33, 239-244· (1951) 
/C. A., 45, 8934g (1951)_7. 
The author reviews the functional properties of 
the monoximes and dioximes, and their isomeric 
structures, as well as the physical properties 
of several particular oximes which have been used · 
analytically. 
The following properties are reported for oxalene-
diamidoxime. Molecular weight = 118.1, m. p. '196 o C. 
The compound appears as colorless crystals which are 
very soluble in hot water, acids, and bases and 
slightly soluble in cold water, alcohol, chloroform, 
benzene, and ether. 
The salts of nickel give, with this reagent, a 
yellow precipitate whose formula seems to be 
14 
15. Ruzicka, E., Kuras, M., "Some New Salts of Oxalenediamiddioxirile," 
Chemo Listy, 46, 91-92 (1952) [Q. A., 47, 80l8d (1953)_7. 
When an alcoholic solution of oxamide dioxime and 
an alcoholic solution of nickel(II) chloride hexahydrate 
and copper(II ) chloride dihydrate are combined, the 
salts Ni(C4H12Na04)Cl2 and Cu(C2H6N4o2)Cl2 result, 
respectively., In the presence of 30% hydrogen peroxide 
solution, the salts Ni(C4HSNS06)Cl2 (I) and 
Cu(C2H4N4o3 )c12 (II) are formed. Under the influence 
of an aqueous ammonia solution, (I) is transformed into 
Ni(C4H6N806)oH20, and (II) is transformed into 
Cu(OH)(C2H3N4o3)QH20• 
16. Dasgupta, P .. R., 11 0xa lenediamidoxime~ Estimation of 
Palladium," J. Indian Chern. Soc., 30, 761-764 (1953) 
/Q. Ao, 48, 9265b (1954) 7o -
Palladium is quantitatively precipitated by 
oxalenediamidoxime in the presence of either ammonium 
chloride and ammonia or hydroxylammonium chloride and 
ammonia,. The formula of the resulting complex is 
Pd(OxH)2°2H20., One of the water molecua.es of hydration 
is removed by hea ting to 100°C, the other by further 
heating to ll0°C., The complex melts at 270°C, with 
decomposition,. 
Palladium may be separated from nicke 1 by 
adjustment of the hydrogen ion concentration by 
use of ammonia and then acetic acid-sodium acetate 
buffer (to pH 4-6), followed by the addition of a 
solution of oxalenediamidoxime., The precipitation 
begins in about five minutes, and is complete after 
standing overnight., 
Separation of palladium from platinum is accomplished 
by adding a solution of oxalenediamidoxime to the 
slightly acidic solution containing the metals. The 
yellow precipitate forms immediately .. 
The separation of palladium from nickel or platinum 
is good only when the nickel to palladium ratio or the 
platinum t o palladium ratio does not exceed 1:2. 
